An experiment was conducted on 180 Hy-Line Brown hens (from 26 to 70 weeks of age) in a 5 × 2 factorial arrangement with five levels of vitamin D 3 and 25-OH-D 3 derivative rations and two forms of limestone in the diet. Diets were supplemented with 1500 IU of vitamin D 3 ; vitamin 25-OH-D 3 derivative was substituted for cholecalciferol in amounts equivalent to 0, 25, 50, 75 and 100%. Limestone (8.5% in the diet) was supplied in fine pulverized (LF, 0.1-0.4 mm) or mixed: fine + grit (LG, 2-4 mm) form as a 1:1 mixture of LF:
INTRODUCTION
Vitamin feed premixes for laying hens are relatively rich in cholecalciferol, but above-requirement levels of vitamin D 3 generally have no beneficial effect on eggshell calcification (Garlich and Wyatt, 1971; Keshavarz, 2003) . In older hens the ability to produce the active metabolite, 1,25-(OH) 2 -D 3 , is reduced (Bar and Hurvitz, 1987) , renal 25-hydroxylase enzyme activity is decreased, and the rate of cracked eggshells increased (Abe et al., 1982) . McLoughlin and Soares (1976) observed a positive response of eggshell and bone mineralization in older hens after adding 25-OH-D 3 to the diet, while Keshavarz (2003) did not find any advantages of complete substitution of vitamin D 3 in the diet with the 25-OH-D 3 derivative, either in terms of shell quality or laying performance of hens.
The positive effect of coarse particle limestone in the diet on covering calcium requirements of laying hens has been reported many times, especially in hens kept under lighting schedules with a long dark period of no feed intake (Scott et al., 1971; Roland and Harms, 1973; Guinotte and Nys, 1991; Zhang and Coon, 1997; Richter et al., 1999) . A positive effect of moderate substitution of limestone grit for fine particles in the diet on increased eggshell calcium deposition and breaking strength and, in some cases, also on tibia bone breaking strength, was confirmed in an earlier paper (Koreleski and Świątkiewicz, 2004) .
In this study, the 25-OH-D 3 derivative was gradually substituted for vitamin D 3 in diets supplemented with calcium carbonate in the form of fine pulverized or mixed (pulverized plus ground) limestone, and its effect on laying performance, eggshell quality and bone breaking strength was studied.
MATERIAL AND METHODS
One hundred eighty Hy-Line Brown hens, 26 weeks old, were assigned to a 5×2 factorial arrangement with five vitamin D 3 to 25-OH-D 3 ratios and two limestone forms in the diet. In the pre-experimental period, at 25 weeks of age, eggs were evaluated for shell breaking strength and groups of hens were equalized for this parameter at the start of the experiment. Ten isocaloric and isonitrogenous cereal-soyabean diets (Table 1) were supplemented with 1500 IU D 3 and contained 8.5% of limestone. Cholecalciferol was used as the source of vitamin D 3 or was supplemented by its 25-OH-derivative at a rate of 25, 50, 75 and 100%. In successive groups, 25-OH-D 3 was added to the diet at a rate from 9.35 to 37.5 μg·kg -1 . The source of monohydroxy-cholecaliferol [Hy·D Beadlet (Roche)] contained 12.5 μg 25-OH-D 3 per g, which was equivalent to 500 000 IU vitamin D 3 . Lutavit 500 (BASF) contained 500 000 IU of cholecalciferol·g -1 . As calcium supplements, fine pulverized limestone of 0.1-0.4 mm in square sieve size (LF) or particulate limestone grit of 2-4 mm (LG) mixed with LF at a ratio of 1:1 (w/w) were used (Table 2) . Hens belonging to one treatment (18 layers) were kept individually in cages (40 cm wide×40 cm deep) with individual egg collection. During the 44 weeks of the experiment (up to 70 weeks of age) the hens were offered water and feed ad libitum. Layers were exposed to a 14 L:10 D lighting schedule, with the dark period at night.
Feed intake, number and weight of laid eggs were recorded for all periods of the experiment. For shell weight, thickness and density assessment, one egg from each hen was individually collected from hens, at 44, 48, 53, 57, 62, 66 and 70 weeks of age. Because in eggs from earlier collections (44-53 weeks of age) no differences in eggshell quality were found, these results are omitted in this paper. Egg Quality Measurement (Micro version 3.2, 1990) was used for egg testing, shell density was calculated from egg and shell weight, and shell thickness measured equatorially in washed and air-dried shells by an electronic micrometer. At the start of the 44, 48, 53, 57, 62, 66 and 70 week of age, in the morning (after the dark period at night) one egg per hen was collected and tested for shell breaking strength (in Newtons -N) with an Instron Table model 5542 apparatus at a head speed of 10 mm per min. At the end of the experiment (70 weeks of age), 5 representative hens were chosen from each group and decapitated. Tibia bones were prepared and breaking strength was estimated using an Instron 5542 apparatus (distance between supports -50 mm).
The chemical composition of feed components and basal diet was analysed according to AOAC (1990) methods. The metabolizable energy content of the basal diet was calculated from the content of basic nutrients using calculation factors from European Tables (1989) . The basal diet was mineralized (AOAC, 1990 ) and analysed using a Philips PU 9100 atomic absorption spectrometer. The phosphorus content in the basal diet was assayed by a colorimetric method (AOAC, 1990) . Amino acids in acid hydrolysates (methionine after peroxidation to methionine sulphone) were estimated in a colour reaction with the ninhydrin reagent using a Beckman-System Gold 126 AA automatic analyser.
Data were subjected to statistical evaluation using two-way factorial analysis of variance. The significance of differences between means was determined by Duncan's multiple range test. All procedures were performed using Statistica 5.0 PL software.
RESULTS
Performance. The average laying rate in the experiment was 88%, feed conversion per kilogram of eggs, 2.14 kg and per egg, 135 g. Laying rate, egg weight and feed conversion were statistically not affected by the source of vitamin TABLE 6 Eggshell density (57-70 weeks of age), mg · square cm (Table 3 ). The feed intake of hens on diets with LF limestone was higher (P≤0.05) than that of hens fed diets with the LF+LG mixture. The hens thus consumed 4.45 and 4.35 g Ca daily, respectively. Eggshell quality. The percent of shell in egg weight (Table 4) was not affected by the form of calcium and kind of vitamin D 3 supplemented to the diet. In respect to eggshell thickness (Table 5 ) and egg shell density (Table 6 ) differences were only found (P≤0.05) in eggs laid at 66 weeks of age and between the hens fed the control 100% D 3 diet and the diet containing 25% of 25-OH-D 3 (9.35 μg·kg -1 ). Experimental factors did not affect eggshell breaking strength in eggs collected between 44 and 62 weeks of age (Table 7) . Statistically confirmed effects were observed for calcium form in eggs collected at 66 and 70 weeks of age and for source of vitamin D 3 at 70 weeks of age. In total, the average eggshell resistance of 7 egg collections was positively affected in diets supplemented with LG (P≤0.05).
Bone breaking strength. In bones taken from hens at the end of the experiment a tendency was observed for a positive influence of substituting 25-OH-D 3 for cholecalciferol, but the differences in relation to the control group did not reach statistical significance (Table 8) . A positive effect of adding LG was, however, confirmed at P≤0.01. 
DISCUSSION
In the experiment, supplementation of the diet with a mixture of LF+LG limestone decreased feed intake as compared with the fine (LF) source of calcium. This finding confirms the data reported by Vogt (1983) and, in part, a tendency that was not confirmed statistically, shown in a previous report (Koreleski and Świątkiewicz, 2004) . The kind of limestone used did not change laying performance, feed conversion for egg production or egg weight.
The amounts of 1500 IU vitamin D 3 (and equivalent 25-OH-D 3 ) supplemented to 1 kg of experimental diets in the experiment were higher than the 250 IU minimum requirement for hens fed 120 g diet daily according to NRC (1994) and lower than the level exceeding 2000 IU used in commercial diets.
The source of vitamin D 3 and limestone form used did not modify the relative shell weight, the latter result confirming earlier reports from Koreleski and Świątkiewicz (2004) . Eggs of hens fed the diet supplemented with 25% D 3 as 25-OH-cholecalciferol had greater shell thickness and density than the control group, but only at 66 weeks of age.
The breaking strength of eggshells from hens fed 100% D 3 as cholecalciferol and LF or LF+LG as a source of calcium in the late period of laying showed a clear tendency to decrease. This result agrees with the lower eggshell calcification ability in older hens (Abe et al., 1982; Bar and Hurvitz, 1987) .
Incorporation of the 25-OH-D 3 derivative to the diet in the late period of laying counteracted the decrease of shell resistance with advanced age of hens. The positive effect on eggshell breaking strength was confirmed at 66 and 70 weeks, which is consistent with the results of McLoughlin and Soares (1976) . The positive effect was also observed even in the case of 100% substitution of vitamin D 3 with its OHderivative. This finding contrasts with the study of Keshavarz (2003) , who did not find a positive effect when using D 3 -rich diets containing in 2760 IU cholecalciferol per kg or an equivalent amount of 25-OH-D 3 .
At 70 weeks of age, a beneficial effect on eggshell strength was also confirmed in with LF+LG as the calcium source as compared with LF, which agrees with the result of a previous study (Koreleski and Świątkiewicz, 2004) . This suggests that simultaneous use of grit limestone together with the OH-D 3 derivative in the diet is most efficient and counteracts the natural process of eggshell strength reduction in older hens. Grit limestone may minimize the mobilization of bone calcium reserve with simultaneous release of phosphorus and prevent its excess in blood, which suppresses oxidation of 25-OH-D 3 to the active form, 1,25-(OH) 2 -D 3 . Introduction of the first OH-D 3 metabolite as a feed additive may help activate dihydroxy-D 3 metabolite production in the kidneys, the biosynthesis of Ca-binding protein, and active Ca transport (Wasserman and Taylor, 1968) .
As regards tibia bone breaking strength, the use of LF+LG forms of calcium had a positive effect on bone strength, which is consistent with the result of our previous studies (Koreleski and Świątkiewicz, 2004) . A tendency for tibia bone breaking strength improvement after partial or total substitution of vitamin D 3 deriverate.
Under the conditions of this experiment, simultaneous use of LF + LG and 25-OH-D 3 in the diet for older laying hens appears to be the most efficient combination for achieving high resistance of eggshells and tibia bones.
